Abstract: Purpose. Evaluate the relationship between body mass index (BMI), overweight status (OW), or obesity (OB) and ambulatory status in a predominantly Hispanic population of children with spinal dysraphism (SD). Methods. Retrospective data were extracted from records of 272 children and youth aged 0-24 years with a diagnosis of SD. Body mass index (BMI) and OW / OB rates were calculated for children 0-3 years, 4-11 years, and adolescents older than 11. Results. Ethnicity was predominantly Hispanic (65.4%). No difference in mean BMI or OW / OB rate was found between ambulation groups (p = .20; p = .72). Mean BMI and OW / OB rate increased with increasing age in all groups (p < .001; p = .02). Forty-four percent of patients were OW / OB, which was greater among Hispanics (48.2%) compared with non-Hispanics [(35.2%), p = .03]. Female gender was a risk factor for increased BMI among Hispanics (p = .00). Conclusion. Despite no difference in ambulatory status, increasing BMI and OW / OB are associated with Hispanic ethnicity and increasing age.
(OW / OB) are two to three times higher in children with disabilities compared with age-matched peers. [2] [3] [4] Spinal dysraphism (SD) is one of the most common complex congenital abnormality compatible with life, and is one of the most common causes of serious locomotor disability in children. 5 The prevalence of obesity in young people with SD has been previously estimated to be between 28-50% in children, and 34-64% in young people. 6 Cross-sectional studies of people with SD reveal the incidence of obesity increases with age. 7 Life expectancy for children with disabilities has vastly increased in recent years, 2, 3 with at least 75% surviving well into adulthood. 8 This advance has made healthy lifestyle maintenance, medical management, and quality-of-life improvement priorities in this population.
People with physical disabilities spend less time performing physical activities than their able-bodied peers, 9 thus are at greater risk of the comorbid sequela associated with a sedentary lifestyle. It has been proposed that when walking becomes too difficult, SD patients usually choose to use a wheelchair as their primary mode of mobility because the advantage of walking does not justify the energy expenditure. 10 A multitude of factors have been identified that may affect the ambulatory status of children with SD, although the relationship between obesity and ambulatory status has not been well elucidated. Seitzberg et al. found that the majority of children with myelomeningocele who were walking freely at ages of five to eight years kept walking as adults. 11 Similarly, an age of four years has been identified as the age that children with SD commonly start to lose lean muscle, and gain fat. 12 Spinal dysraphism disproportionately affects Hispanic populations in the United States (U.S.), with Hispanics having the greatest prevalence among all ethnicities. 13, 14 Hispanics are the nation's largest and fastest growing minority group, with the state of California having the largest total Hispanic population of any state within the U.S. 15, 16 Hispanics also have the highest prevalence of obesity among ethnic groups of ablebodied U.S. children and adolescents. 17 Despite the potential greater risk of obesity in Hispanic children with SD, to our knowledge no study has evaluated the prevalence of overweight status or obesity (OW / OB), nor the association between OW / OB, age, and ambulatory status in this group. Here, we investigate the relationship between OW / OB, body mass index (BMI), age, and ambulatory status among Hispanic and non-Hispanic children followed in a multi-disciplinary spinal defects clinic located near the California-Mexico border. We sought to test the hypotheses that increased BMI and OW / OB is associated with a downward trend in ambulatory status and that Hispanic ethnicity is a risk factor for OW / OB in children with SD.
Methods
Patients. With institutional review board (IRB) approval, we reviewed a SD database which included a consecutive series of children with SD born in the period 1989-2013, and treated in the multidisciplinary clinic for patients with spinal defects at Rady Children's Hospital San Diego, California. Inclusion criterion was the presence of a SD diagnosis; including those with myelomeningocele, lipomyelomeningocele, meningocele, spinal cord lipoma requiring neurosurgical intervention, caudal regression syndrome, dermal sinus tract, and tethered cord. Exclusion criteria included children with a his-tory of spinal cord injury, and all other non-spinal dysraphic neuromotor conditions. Of the 299 patients identified, 272 met inclusion criteria and 27 patients were excluded secondary to spinal cord injury diagnosis.
Data collection. The electronic medical record and archived records from Rady Children's Hospital were used for data collection. Information was collected from the pediatric multidisciplinary spinal defects clinical documentation of the disciplines: Urology, Orthopedic Surgery, Neurosurgery, Physiatry, Social Work, and Occupational / Physical Therapy.
Measures. Body weight in kilograms (kg), height in centimeters (cm), ambulatory status, and age in years were extracted from spinal defects clinical documentation. Body height (crown to heal) was measured by a specialized nurse, either supine, or in the standing position in those children who were able to do so. Body mass index (BMI) was calculated by weight in kg divided by the square of height in meters. Overweight was defined as 85-95 th percentile, and obese as ≥ 95 th percentile, of the sex-and age-specific BMI charts maintained by the Center for Disease Control (CDC) for patients 2-18 years old. 18 For patients older than 18 years, overweight was defined as a BMI ≥ 25 and obese as a BMI ≥ 30 (following CDC guidelines). 18 Lesion level and lesion type were extracted from neurosurgical records. Lesion level was categorized as cervical, thoracic, lumbar, lumbosacral, and sacral. Lesion type was categorized as myelomeningocele, lipomyelomeningocele, meningocele, lipomeningocele, dermal sinus tract, tethered cord, and caudal regression syndrome. Ambulatory status was defined as ambulatory, ambulatory requiring assistive devices, or limited to wheelchair use. Ambulatory status was obtained from Physiatry documentation of patient or parent / care giver report of ambulatory status during the majority of daytime hours. A standardized assessment of ambulation was not used, as the goal was to capture how the patient was actually ambulating during the majority of the day rather than potential ambulatory ability, which may not be sustained throughout the day. Demographic data were extracted from billing records.
Statistical analysis. The variables analyzed in the current study were selected from a larger database containing bowel and bladder management, ventriculoperitoneal shunt status, and other clinical history and included: age, gender, Hispanic or non-Hispanic ethnicity, spinal lesion type, spinal lesion level, BMI, presence of OW / OB, and ambulatory status. All lesion types except myelomeningocele and lipomyelomeningocele were grouped as "other" for statistical purposes due to low frequency. Similarly, cervical and lumbosacral lesion levels were grouped as "other" secondary to low frequency. Descriptive statistics were used to determine ambulatory status, mean BMI, and OW / OB rates among three different age groups: 0-3 years, 4-10 years, and 11-24 years. We also examined ambulatory status, mean BMI, and OW / OB rates for subgroups defined by lesion level, and lesion type. An independent samples t-test was used to identify differences in mean BMI among Hispanic and non-Hispanics. A Pearson chi-square analysis was performed to assess differences in OW / OB rates among Hispanic and nonHispanics. Analysis of variance (ANOVA) was used to determine differences in mean BMI and obesity among ambulatory groups, lesion level groups, and age groups; this was done both for all patients, and by Hispanic and non-Hispanic ethnicity. A multiple comparisons ANOVA accounting for both ethnicity, and age groups was performed to determine differences in BMI. Finally, a multivariate linear regression analysis was performed to identify significant predictors of BMI. SPSS software (version 22) was used for all analyses. 19 A p value of <.05 was considered significant.
Results
Entire population. Analyses were conducted on 272 patients younger than one year up to 24 years and are stratified by Hispanic or non-Hispanic ethnicity in Table 1 . Median age was 13 years, with 9.9% falling into the 0-3 year age group, 31.2% in the 4-10 year group, and 58.8% in the 11-24 year group. Females constituted 49.6% of the study population. Ethnicity was predominantly Hispanic 65.4% (n = 178) compared with 34.6% non-Hispanics (n = 94). Neurologic level of involvement in our population included: thoracic 15.4% (n = 42), lumbar 42.6% (n= 116), sacral 13.9% (n= 38), and not identified in 22.7% (n = 62). Cervical and lumbosacral levels were grouped as "other" in 5.1% (n = 14), secondary to low frequency. Lipomyelomeningocele was identified in 11.7% (n = 32), myelomeningocele in 68% (n = 185), and the remainder of spinal lesion types were grouped as "other" secondary to low frequency, totaling 20.2% (n = 55). Twenty-eight percent of patients were ambulatory (n = 77), 33.4% required assisted device (n = 91), 34.5% were limited to wheelchair use (n = 94), and 3.6% were too young to assess (n = 10). Sixteen patients (5.8%) did not have documentation of either height or weight and therefore, were not included in BMI or OW / OB analyses. The mean weight was 45.3kg (SD 27.4), mean height was 133.5cm (SD 30.5), and mean BMI was 21.9 (SD 7.2). Forty-four percent of all patients were either overweight or obese (n = 113), and within this group the majority met criteria for obesity (28.5%, n = 73), Table 1 .
No difference in mean BMI was found among ambulatory status groups (p = .20), nor among spinal lesion level groups (p = .63). Similarly, no difference in OW / OB rates were found among ambulatory status groups (p = .72). When assessing BMI by age groups, the mean BMI for ages 0-3 was 17.3, 18.4 in ages 4-10, and 24.6 in ages 11-24, with the older group having a significantly higher BMI than the two younger groups (p < .001). Overweight / obesity rate also increased with increasing age groups (p = .02).
Ethnic group comparisons. When comparing Hispanics with non-Hispanics, there was no difference in spinal lesion level (p = .78), spinal lesion type (p = .39), or ambulatory status (p = .29), Table 1 . Hispanics were found to have a significantly higher BMI than non-Hispanics, with mean Hispanic BMI of 23, and mean BMI of 20 among non-Hispanics (p = .01), Table 1 . Female gender was found to be a risk factor for increased BMI among Hispanic patients only (p = .00). Similarly, the prevalence of OW / OB was revealed to be greater among Hispanics, 48.2% (n = 81), compared with non-Hispanics, 35.2%, [(p = .046) Table 1] . No difference in OW / OB was found between male and female gender for both Hispanics (p = .35), as well as non-Hispanics (p = .26). The older age groups (ages 11-24 years) had a significantly higher mean BMI than the two younger groups for both Hispanics (p < .001) and non-Hispanics (p < .001), Table 2 . When assessing OW / OB rates by age group and ethnicity, only Hispanics were found to have increasing OW / OB rates with each increase in age group (p = .046), Figure 1 . Overweight and obesity was not found to differ among age groups in the non-Hispanic population (p = 0.37), but did trend towards significant with respect to ambulatory status (p = .08), Figure 1 . On univariate ANOVA, a statistically significant association was found between age and ethnicity, although this relationship was extremely weak (p = .01; adjusted R squared = .02). On multivariate linear regression analysis (F = 30.3; p < .001), both age (p < .001), and ethnicity (p = .04), were revealed as significant predictors of an elevated mean BMI, with age having a greater contribution than ethnicity. 
Discussion
This study documents obesity rates among children and youth with SD that are comparable with the general population, and to our knowledge is the first study in the U.S. that documents a greater prevalence of OW / OB among Hispanic children with SD compared with non-Hispanic counterparts. We did not identify a significant relationship between ambulatory status and OW / OB or BMI in either Hispanic or non-Hispanic patients, although OW / OB trended towards significance in the non-Hispanic group, which may reflect a lack of power to detect. Despite no difference in ambulatory status, both increasing age, and Hispanic ethnicity, were found to contribute to increasing BMI and OW / OB which has not been previously reported in such a large cohort of children with disabilities. Obesity and BMI. Obesity in children with SD can increase difficulties with bladder catheterization, and other self-care activities; increase preventable secondary medical conditions such as pressure sores, and metabolic syndrome; and increase social isolation and depression, all of which can lead to decreased quality of life. 6, 19, 20 The CDC uses BMI as a proxy for body fat and considers a child between the ages of two and 18 years to be overweight if between 85-95 th percentile, and obese if above 95 th percentile. 18 Body mass index (BMI) standards for able-bodied children have not been validated for children with disabilities, thus no standard definitions of obesity exist for children with SD. 20 Obesity in young people with SD has been assessed by a variety of methods 7, 10, 12, 21 and has been previously estimated by BMI to have a prevalence between 28-50% in children, and 34-64% in young people. 6 We also used BMI as a proxy for body fat secondary to availability of information, although it must be noted that BMI may underestimate the true extent of obesity in this population 20 secondary to lower limb atrophy and vertebral anomalies. 12 Similar to previous findings, we found 43.7% of all patients to meet criteria for overweight or obesity, 6 with the majority meeting criteria for obesity (28.5%). As predicted, increased BMI and OW / OB prevalence was significantly greater in Hispanic children than in non-Hispanic children. Female gender was found to be a risk factor for increased BMI among Hispanic children.
Age. Preschool-age is a critical period of development that affects growth patterns and associated health outcomes into adulthood. 22 Longitudinal research has shown that children who are overweight by the age of two years are already at greater risk for becoming overweight adults compared with non-overweight peers. 23 Cross-sectional studies of people with SD reveal an increased incidence of obesity with age, and that among non-ambulatory children with SD, obesity rates become greater than those Figure 1 . Relationship of age and ambulatory status to overweight / obesity status.
in the general population during pre-school years. 7 Similarly, Shepherd et al. evaluated body composition in 59 Australian children with myelomeningocele, and found that before the age of four years, body composition was similar to that of reference children, but that after the age of four years, body cell mass and lean mass fail to grow and the deficit in lean tissue becomes compensated for by increased adipose tissue. 12 We found a significantly higher mean BMI in older children (ages 11-24 years) in both Hispanics and non-Hispanics, when compared with the two younger age groups (0-3 and 4-10 years), with age having a greater contribution than ethnicity. This is similar to previous general population findings, however has not been shown in such a large cohort of children with disabilities, or while controlling for ethnicity. When looking at OW / OB among age groups in all patients, a significant increase in OW / OB rate was found with increased age group, although it appeared only Hispanic children significantly contributed to this finding. The finding that BMI increased more significantly than OW / OB rate among age groups appears to further elucidate the imprecision of using BMI as a proxy for body composition in this population. The observation of increased obesity with age has previously been deemed a consequence of mobility limitations as well as metabolic alterations, including higher body fat percentage and lower resting energy expenditure that increase with age. 5, 12, 24 Weight loss interventions targeting younger children appear to yield better long-term weight outcomes, relative to older children and adolescents, 25 which further highlights critical early developmental years. These findings all support the need for awareness and assessment of weight issues in SD as early as possible during development.
Ambulatory status. The obesity epidemic is related in part to declining rates of physical activity in the U.S. 26 Hispanics and African Americans, women (of all ages), and people with disabilities, are a few sub-populations that the CDC has identified to be at risk for lower rates of regular physical activity. 27 Children with SD may have a variety of challenges such as weakness, cognitive impairments, orthopedic deformities, psychosocial issues, and bowel and bladder problems, that make them at risk for developing an inactive lifestyle. 24, 28 The cause of obesity in the SD population is multifactorial, although non-ambulatory status and sedentary lifestyle are commonly implicated. Additional interest in ambulatory potential and other quality-of-life measures in patients with SD has increased in conjunction with increasing life expectancy, 2,3,4 as quality of life has repeatedly been found to be lower in non-ambulatory subsets. 4, 8 The most commonly identified single factor affecting ambulatory status in those with SD is level of neural involvement, 10, 29 with few studies finding an association between obesity and ambulatory status. 10, 30 Asher and Olson 10 found that transitions in ambulatory status in patients with SD were usually downward and were related to lack of motivation, musculoskeletal deformity, and obesity. In addition, patients with myelomeningocele who are functional ambulators have been found to be more physically active during the day, and have less body fat than less ambulatory people. 30 Conversely, obesity is also thought to contribute to a sedentary lifestyle in SD children, 21 thus the relationship between obesity and decreased ambulatory status is likely bi-directional.
Compared with healthy peers, young people with disabilities are restricted in the performance of daily activities; 30 therefore, when the energy expenditure of walking becomes too great, SD patients usually resort to use of a wheelchair. 10 Rimmer et al. refer to this as a "disability-associated low energy expenditure deconditioning syndrome" in which a sedentary lifestyle in people with disabilities creates a vicious cycle of further deconditioning, disability, and disease risk. 9 We, however, did not reproduce a significant relationship between increasing BMI and decreasing ambulatory status. This finding may be due to several factors: the underestimation of overweight / obesity when using BMI in this population, potential inaccurate measures of true height in those who are unable to stand or have physical deformities, potential inaccuracy of reported ambulatory status / lack of validated measure use, as well as the cross-sectional assignment of ambulatory status rather than longitudinal data.
Hispanic ethnicity. The prevalence of SD has been shown to vary by ethnicity, with continued highest rates in the U.S. among Hispanic births.
14 Childhood obesity is more prevalent among minority and low-income families, 17 which is a critical public health concern due to fast growing minority groups in the U.S., and high costs associated with treating obesity-related diseases. 31 Childhood obesity among U.S. minority groups may be further compounded when coupled with disability. Despite the phenomenon's importance, there are few data regarding the prevalence of obesity among Hispanic children with SD. One study from Mexico City assessing weight-based diagnoses among 66 Mexican children with SD found that 56% of patients were overweight or obese, and that risk increased at age six and again at age 11.
32 Despite no differences in ambulatory status, our results revealed Hispanic ethnicity as a significant contributor to increased mean BMI and OW / OB, with Hispanic females possibly being at greater risk, which to our knowledge, is the first time this has been reported in a U.S. series of children with SD.
Members of ethnic minority groups demonstrate poorer weight loss outcomes than non-Hispanic Whites, 33 which is partly due to social and environmental barriers to weight loss. Hispanics are more likely to underestimate their weight status, 34 eat highfat / low-fruit and vegetable diets, 35 live in poverty, lack health insurance, and have limited opportunities for physical activity compared with White peers. 31, 36 Immigrant Hispanics may also face barriers related to acculturation, language, and immigration status, which can hinder weight loss strategies. 37 Skill-building, culturally tailored interventions involving parent-child dyads have proven effective in weight reduction among Hispanic American pre-school aged children. 38 Flores et al. identified culturally specific themes deemed to be critical to weight loss success by parents of obese Hispanic children, which included: focus on whole-family approaches to nutritional and physical activity change, whole-body physical activities that children enjoy, low-cost exercise programs that involve minimal time investment, and healthy but flavorful modifications of traditional Latino meal and beverage items. 39 These results also suggest that a "one-size-fits-all" approach to weight management for overweight children may not be successful for Hispanic and other ethnic minorities.
Future opportunities. Despite multiple reports of increased prevalence of obesity in SD populations it has been recently found that height and weight are not routinely recorded for children attending an outpatient spina bifida clinic. 40 This report also found that in those who did have a BMI in the overweight / obese range, weight man-agement was mentioned in the notes less than 25% of the time. 40 Weight management education was not assessed in the current study, but we agree that important health promotion opportunities are likely being missed in this population. Clinicians should focus on discussing the individual child's obesity risk factors, the negative sequela of obesity, and provide frequent assessment of weight-related issues. Recent scientific information suggests that the most effective interventions to address excess weight and obesity in children should include behavioral modification and education to improve eating habits and increase energy expenditure. 41, 42 The current study also highlights the need for culturally specific considerations, including educating Hispanic families about potential greater obesity risk; in addition to providing ethnically specific weight loss strategies that are sensitive to language preferences, traditional diets, and household finances; and encourage participation of the entire family.
In addition, our results further support the previous recommendations to institute nutritional and physical activity programs during pre-pubertal years to prevent the excess weight gain in children with SD that otherwise seems to develop with age. 10, 12 It is important to note that the physical limitations of those with SD make physical activity difficult, and feasible and effective types of exercise are not well defined. Adaptive physical educational opportunities that are age-appropriate and logistically feasible, such as at the school or local community centers, can help to address this need.
Study limitations. Limitations of the current study include the retrospective nature of the review, lack of longitudinal data, and the limited sample of patients assessed. This sample of patients was assessed at a regional referral center, with a high Hispanic population, and may not reflect all patients with SD. A subset ethnicity analysis was not performed among the non-Hispanic group, and it is therefore unclear whether findings are representative of predominantly White or African American populations. Assessing body composition, particularly body fat percentage, should be included in future analyses of obesity rates in youth with SD, especially those evaluating the association of obesity and ambulatory potential. We also did not have complete capture of all variable data due to incomplete medical records (in particular, level of lesion, which was similar between comparison groups and unlikely to affect the analysis). Additionally, only subjective ambulatory status data were included, whereas validated measures of ambulatory status obtained at multiple time points may be more accurate. This study also only assessed specific variables of interest, and was not intended to be an all-inclusive assessment of risk factors for non-ambulatory status or elevated BMI among children with SD.
Conclusion. Overweight status and obesity is a multi-factorial issue in children with spinal dysraphism and may be increased in those with Hispanic ethnicity. In children with spinal dysraphism, body mass index and overweight / obesity rates increase with age, and pre-pubertal years may be critical in halting progression to adulthood obesity and associated deleterious effects. Clinicians who work with spinal dysraphism children should be encouraged to assess, monitor, and discuss weight-related issues with patients and their families with particular attention to ethnic and cultural needs. Further studies to examine the association between body composition and ambulatory status may provide insight into physical activity barriers and improving quality of life in children and youth with spinal dysraphism.
